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PROJECT SUMMARY

TITLE: Air Sparging: Technology Transfer and Multi-Site Evaluation
BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603851D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The Department of Defense (DoD) is faced with the task of remediating many sites
where groundwater is contaminated with a variety of compounds including petroleum and chlorinated
compounds.  Conventional groundwater treatment technologies are expensve and of limited
effectiveness. Both the U.S. Air Force and the U.S. Navy have been developing in situ remediation
technologies that have the potential to remediate sites much less expensively and more effectively than
conventional technologies. Air sparging has been studied intensively at Port Hueneme, Cdlifornia to
establish proper monitoring techniques for evauating system performance and to determine critica
operating parameters. Further demonstration of these air sparging monitoring techniques at different sites
is needed to validate their application and enhance the acceptance of air sparging by regulatory agencies.
Air sparging is the process of injecting clean air directly into an aquifer for remediation of contaminated
groundwater. In Situ air sparging remediates groundwater through a combination of volatilization and
enhanced biodegradation. The induced air transport through the groundwater removes the more volatile
and less soluble contaminants by physical stripping.  Biologicad activity is aso stimulated through
increased oxygen availability.

Workshops for DoD personnel are being held to present recent findings from current air sparging studies.
In addition, the ar sparging design paradgm developed from the Port Hueneme study is being
implemented at five different sites in order to test its validity across varying geologic conditions. Findly,
pilot test data from previoudy instaled DoD ar sparging systems are being evaluated to extract
information useful in findizing the existing design paradigm.

ANNUAL PERFORMANCE OBJECTIVESFOR FY99:
Site specific test plan #4 for Ft Lewis, WA
Site #3 ingtallation at Cape Canaveral AFS, FL
Site specific test plan #5 for Fairchild AIB, WA
Site #4 ingdlation
Ste#5 ingdlation

ANNUAL PERFORMANCE REVIEW: Met dl performance objectives.
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PROJECT SUMMARY

TITLE: An Innovative Passve Barier Sysiem Using Membrane-Delivered Hydrogen Gas for the
Bioremediation of Chlorinated Aliphatic Compounds

BUDGET ACTIVITY: 3

PROGRAM ELEMENT: 0603716D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The objective of this project is to examine the gas transfer behavior and performance
of hollow fiber membrane curtains that are installed as passive barriers. The proposed research will assess
the suitability and effectiveness of the membrane for ddivering hydrogen (H.) to accelerate the in situ
remediation of chlorinated organic compounds like trichloroethene (C,HCI;) and perchloroethene (C,Cl,).
The proposed research will investigate the behavior of the membranes in a systematic way to determine
what factors control the overall remediation process. These tasks include: (1) Gas Dissolution Behavior of
Membranes, (2) Impact of Gas Composition Changes and Condensation, (3) Impact of Biofilm Growth
during Gas Transfer, (4) Evauation of Solvent Transformation, (5) Mathematical Model Development,
and (6) Pilot Reactor Studies. The risks involved in this process include the following. (1) The
membranes may not transfer H, fast enough when the groundwater is moving dowly. (2) The membranes
may foul and their gas transfer performance may be logt. (3) Methanogens may exploit the high loca H,
pressure and grow preferentialy. If this happens, most of the H, will be used to form methane gas which
could accumulate locally and impede effective bioremediation by haorespirers. (4) The use of H, raises
safety issues. In addition, the accumulation of localy high concentrations of methane are aso of concern,
since both H, and methane are flammable gases. (5) The accumulation of excessive biomass locally could
cause a loss of permeability and a poor flow distribution through the affected site. (6) The installation
process may damage the membranes and render them ineffective.

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
Construction of Test Reactors to determine Behavior of Membranes
Impact of Gas Composition Changes/Condensation on recirculating gas flow
Impact of Fouling by inorganic chemicals on Gas Transfer
Characterization of biofilm impact on Gas Transfer
Feasbility of using membrane for halorespirer selection for Gas Transfer
Ability to control H, pressure during the Evaluation of Solvent Transformation
Annual Technical Report

ANNUAL PERFORMANCE REVIEW: Project initiated late in fiscal year due to delays in
contracting. Therefore, contractor partially met the original objectives for FY 99 as stated above.
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PROJECT SUMMARY

TITLE: Aquifer Restoration by Enhanced Source Removal
BUDGET ACTIVITY: 3

PROGRAM ELEMENT: 0603716D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: Low-solubility organic compounds such as chlorinated solvents were used and
released to the environment in massive quantities during the 1950s, '60s, and '70s. These contaminants
have migrated through the subsurface and entered groundwater at more than 1,000 Department of
Defense (DoD) sites. At these dites, the organic contaminants are found in one of four phases. (1)
volatilized within the soil's vadose zone (vapor phase), (2) dissolved in the groundwater (dissolved
phase), (3) sorbed to the aguifer solids (sorbed phase), or (4) as a separate non-agqueous phase liquid
(NAPL) phase. All of these phases contribute to groundwater contamination and need to be removed. The
limiting factor to stisfactory remediation at over 75 percent of the hazardous waste sites in the United
States is the restoration of groundwater quality. The major limitations of the successful use of pump-and-
treat technology are related to difficulties in extracting contaminants from source areas where NAPLS
exist. The objective of this research is to evauate extraction processes (solubilization and mobilization),
that have been developed at the bench scale, for their potential to enhance extraction in the source area.
Design manuas are to be developed and evauated using fidd pilot-scale cells for side-by-side
comparison of technologies. The proposed work will be a series of field demonstrations of enhanced
pump-and-treat technologies supported by sSite characterization and laboratory research required to
produce credible field demonstrations and evauations. The work will focus on remediation of source
aress of sites believed to be contaminated by NAPLs at residual concentration (no longer mobile and,
therefore, not available for extraction by pumping). The processes will be demonstrated at different sites
with a variety of hydrogeologic characteristics and chemica mixtures (both NAPLs and sorbed
contaminants will be considered) to determine their performance under a variety of conditions. The tests
will be conducted as controlled smal-scale field projects. Each technology will be compared to one or
more dternative remediation technologies including conventional pump-and-treat as a reference treatment
system. The results of these comparisons will show the differential improvement achieved by one process
relative to another. Success of the project will be dependent on: the ability to obtain access to actua sites
and obtaining regulatory permission to perform non - standard, pilot-scale evauations without significant
delay.

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
Published an Interim DNAPL Report on cosolvent solubilization
Initiate air parging demonstration for DNAPL removal
Completed DNAPL cosolvent solubilization demonstration
Complete Annua Technica Report

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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PROJECT SUMMARY

TITLE: Bioenhanced InWel Vapor Stripping to Treat Trichloroethylene
BUDGET ACTIVITY: 3

PROGRAM ELEMENT: 0603716D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The objective of this project is to demonstrate the potentia of combining two
innovative, recently demongtrated, remediation technologies, in-well vapor stripping and in-situ aerobic
cometabolic bioremediation, to cleanup an area contaminated with separate phase Dense Non-Aqueous
Phase Liquid (DNAPL) and dissolved phase Trichloroethylene (TCE). Under this project, an in-wdll
vapor stripper will be ingaled in a TCE contaminated "hot spot zone", upgradient from a downflow
biotreatment well located a Edwards AFB, CA. In operation, the in-well vapor stripper will use air-lift
pumping to pump contaminated water from the lower portion of the aquifer to a screened interval above
and below the water table. Approximately 90-99 percent of the volatile organic compound (VOC) will be
stripped out of the water into the gas phase, which will subsequently be trested using granular activated
carbon. The treated water leaving the upper screen of the in-well vapor stripper will flow to the upper
screen of the biotreatment well. Water entering the biotreatment well will be pumped down through the
well, where a primary substrate such as toluene will be added. Oxygen may aso need to be added in the
biotrestment well, though it is possible that the oxygen dissolved during the in-well vapor stripping will
be sufficient to support the aerobic bioremediation process. After addition of the primary substrate (and
possibly, oxygen), the water will be injected into the aquifer through the lower screened interval, where
indigenous microorganisms can aerobicaly metabolize the primary substrate and cometabolize the
contaminant. A portion of the water leaving the bioactive zone will recirculate back to the lower screen of
the in-well vapor stripper for further trestment. The combined technology of bioenhanced in-well vapor
stripping should remove as much or more TCE from the groundwater than would be removed compared
to conventional technologies (eg., pump-and-treat). Because each technology is currently being
demongtrated independently, the main technical challenge and risk comes from the integration of the two,
which can be dedt with by adjusting various operating parameters (e.g., gas flow in the stripping well,
primary substrate feed in the biotreatment well, water flow rates) to optimize performance.

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
Complete system testing
Submit work plan for regulator approval
Regulator approva of work plan
EPA forward fundsto WRHSRC
Commence site construction
Complete Annua Technical Report

ANNUAL PERFORMANCE REVIEW: Met all performance objectives.
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PROJECT SUMMARY

TITLE: Characterization and Optimization of Dual Anaerobic/Aerobic Biofilm Process
BUDGET ACTIVITY: 2

PROGRAM ELEMENT: 0605502F

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: This effort was to develop and characterize a process that promotes simultaneous
anaerobic degradation of perchlorethylene (PCE) and aerobic degradation of trichloroethylene (TCE),
1,1,1-trichloroethane, and cis-dichloroethene (cis-DCE), in a single bioreactor.

A field demonstration was conducted at McClellan AFB CA using a dual aerobic/anagrobic fluid bed
reactor system. During the field demonstration, TCE, PCE, and cis-DCE were removed with 99%, 99%,
and 84% efficiency, respectively, and the effluent met Cdifornia Maximum Concentration Levels
(MCLs) for al target contaminants. The technology proved to be more cost-effective when compared to
other developing technologies, including: ultraviolet oxidation with liquid-phase granular activated
carbon (LGAC), and air stripping with therma combustion and LGAC post-treatment. LGAC post-
treatment is often necessary to meet limits for some of the chlorinated compounds.

ANNUAL PERFORMANCE OBJECTIVESFOR FY99:
Determine treatment effectiveness for 1,1,1-TCA, cis-DCE, TCE, chloroform and PCE
Evaluate complex electron donors for PCE reduction
Assess temperature and shock loading effects
Field test the pilot demonstration
Complete draft final report

ANNUAL PERFORMANCE REVIEW: Met dl performance objectives.
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PROJECT SUMMARY

TITLE: Dem/Va of Fuel-Specific Biodurper System Modifications for Enhanced Cost-Effectiveness
BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603851D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: Approximately 1,000 Department of Defense (DoD) cleanup sites contain phase-
separated hydrocarbons on the water table. Removal of floating fuel at these sites is often accomplished
using biodurping systems. The mixing of soil gas with fuel and ground water within the extraction well,
vacuum manifold, and vacuum pump during biodurping has contributed to excessive production of
contaminant streams, which often require separate trestment. Conventional post-pump treatment systems
require high capital and operation and maintenance costs. Excessive emulsions and suspended solids
levels in the extracted liquids can adso damage the pump and oil-water separator, thus incurring additional
costs and operational delays. This project will demonstrate newly developed vacuum drop tube designs
and pre-pump separators for biodurper systems, which in preliminary evaluations have been effective in
greatly decreasing stable emulsion formation, and system off-gas and effluent water contamination.

This project involves fidd demonstrations of effective biodurper system modifications. in-wel dud
vacuum drop tube designs and aboveground pre-pump dropout tank modifications. The dual drop tube
incorporates a baffle around the base of a conventional vacuum drop tube, which prevents the extraction
of fud while alowing groundwater to enter the drop tube from beneath the baffle and soil gas to enter
from the top of the baffle. A separate smaller drop tube, located outside of the baffle, is used to remove
any accumulating fuel. The aboveground pre-pump dropout tank operates in a similar manner, except
that it separates oil and water coming from all wells. The aboveground scheme has been shown to be less
efficient than in-well separation but could be mst-effective at sites with less severe effluent discharge
limitations. However, in-well separation costs would decrease if the effective baffle size could be
decreased to accommodate smaller diameter wells. The best approach may be to design a biodurper
system with both in-well and pre-pump dropout tank separation, whereby fuel pumped separately from
the wells would enter the pre-pump vacuum dropout tank, and each would provide for a fail-safe system.
To develop good cost and performance data, these two fuel-water separation schemes will be
demonstrated through short-term testing at six field sites and long-term testing at one site.

ANNUAL PERFORMANCE OBJECTIVESFOR FY99:
Demonstration start date

Award Contract - year #1

Complete draft short-term demonstration plan - to ESTCP

Complete field demonstration Site assessments and selections - six sites for short-term demos
Complete Letter Report to ESTCP- Site sdlections

Complete portable biodurper system fabrication - including system modifications

Start short-term field demonstrations - two to five weeks at each of five field sites

ANNUAL PERFORMANCE REVIEW: Met dl performance objectives.
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PROJECT SUMMARY

TITLE: Demondtration of Bioaugmentation a Naval Air Station Fallon (NASF), NV
BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603851D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The Department of Defense (DoD) has chlorinated solvent-contaminated groundwater
at many of its sites. Current methods of remediation have proved costly and not wholly effective. DoD
would benefit from aternative methods of remediation. The purpose of this project is to demonstrate the
genera applicability of bioaugmentation as an enhancement to biostimulation methodologies for the
remediation of chlorinated solvents in groundwater.

Accelerated anaerobic biodegradation consists of adding non-toxic electron donors (carbon sources) and
nutrients into the subsurface to promote the complete in situ reductive dehalogenation of chlorinated
solvents. It is a reasonable remedia option when natural attenuation is either not fast or complete enough
to eliminate risk to human health and the environment. A recently completed field study at Dover Air
Force Base (AFB), DE indicated that accelerated biodegradation can be limited by the lack of the
appropriate  microorganisms capable of the complete dehaogenation of the chlorinated aiphatic
compounds. In this test, addition of a non-native dehalogenating culture resulted in complete
dehalogenation of trichloroethylene to ethene throughout the test cell, representing the first successful
field application of bioaugmentation to stimulate complete anaerobic dehaogenation of chlorinated
aiphatic compounds. The project studied at Dover AFB will be duplicated at NASF to determineiif it can
be equally successful in more chalenging soil and groundwater conditions.

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
Contract Award to Battelle, GE, SCG, Geosyntec

Site Vistto Falon NAS

Microcosm Study Lab analysis procedures letter to ESTCP
Draft Demo Plan Prepared

Start Lab Biotreatability Study

Start lab analysis of site soils

Initiate permitting and regulatory process

Microcosm results and Final Site determination

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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PROJECT SUMMARY

TITLE: Development of Effective Aerobic Cometabolic Systems for the In-Situ Transformation of
Problematic Chlorinated Solvent Mixtures

BUDGET ACTIVITY: 3

PROGRAM ELEMENT: 0603716D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The project objective is to remediate Trichloroethylene (TCE) and other chlorinated
organic compounds in soil and groundwater. The goa of the proposed research is to demondtrate the
potential of using propane and butane-utilizing microorganisms to transform problematic Chlorinated
Aliphatic Hydrocarbons (CAH) mixtures. The demonstration will be aimed towards cregting in Situ
bioreactive passve bariers in contaminated aguifers. Oregon State University research with
microorganisms stimulated on propane or butane has demonstrated the potential for transforming a broad
range of CAH mixtures that have been problematic with other cometabolic substrates. Microcosm studies
conducted with subsurface solids and groundwater from contaminated Department of Defense (DoD)
dtes, however, have shown that propane and butane-utilizers are often absent in the subsurface, or have
long lag periods before effective stimulation is achieved. Thus the implementation of effective in situ
treatment systems a many sites will likely require the bioaugmentation of enrichments. The proposed
work will demondrate effective methods to create passive treatment barriers through both
bioaugmentation and the use of a subsurface delivery system. The bicaugmentation will serve only to add
effective propane or butane-utilizers to the treatment zone. Microbiad growth and maintenance for
effective cometabolic treatment will be achieved through propane or butane addition to the subsurface. In
addition, the project will explore the use of mixed cometabolic substrates for the trestment of problematic
CAH mixtures.

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
CAH mixture studies
Microcosm bioaug. does tests
Growth reactor studies
Selection of bioaug. enrichment
Derivation of Kinetic Parameters
Development of Molecular Probes
Modeling of lab results
Modeing design field bioaug study
Annua Technica Report

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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PROJECT SUMMARY

TITLE: Enhanced Alternative and In-Situ Treatment Technologies for Explosives, Organics, and
Solvents in Groundwater

BUDGET ACTIVITY: 2

PROGRAM ELEMENT: 0602720A

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION:  This project will demonstrate improved, cogt-effective, aternative forms of
groundwater remediation for explosives and other organics contaminants. The overall technical approach
will:
Develop technologies and engineering approaches to enhance biological degradation of
contaminants in groundwater.
Devedop new in-situ chemica treatment technologies focusing on metal enhanced reactive
transformation for explosives.

Combine chemical/biological techniques to accelerate and improve treatment effectiveness for
explosives and other organics in groundwater.

In-situ biotreatment approach degrades explosives and organics without the need for pump and treat
systems currently used for groundwater treatment as identified in Army requirements. In-sStu
technologies eliminate the use of pump and treat systems, which are often expensive, only marginaly
effective, and require O&M for 15-20 years.

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
Continue development of design guidance for enhanced biodegradation
Initiate setup and parameterization for pilot-scale testing using the Experimenta Controlled
Release System (ECRS)
Conduct bench-top analysis to identify optimum parameters for reactive barrier trestment design

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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PROJECT SUMMARY

TITLE: Enhanced Natural Attenuation in Comingled Plumes
BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603721N

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The objective is to enhance natural attenuation rates in a commingled plume
(combined presence of fuel and chlorinated hydrocarbons) through increased mixing, amendment, and
remova of toxic by-products. The Navy has over 1000 sites that have groundwater contaminated with
chlorinated hydrocarbons with an estimated cost for cleanup of over $3B. Natura attenuation is the
preferred remediation approach for comingled plumes both in terms of cost and contaminant destruction.
Nonetheless, natural attenuation has limitations. Electron acceptors and electron donors are often
depleted resulting in the cessation of natura attenuation. Even in cases where electron acceptors and
donor concentrations are adequate, natural attenuation will not be protective of human hedth and the
environment if there is incomplete mixing resulting in mass transfer limitations and inadequate
bicavailability. A field demonstration of enhanced natural attenuation will be conducted at a chlorinated
solvent plume at Moffett Federa Airfield.

ANNUAL PERFORMANCE OBJECTIVE FOR FY99:
Sdlect demongtration site

Establish contracts

Complete system design and site modeling
Complete development and approval of Work Plan
Install and develop treatment wells

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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APPENDIX A CLEANUP

PROJECT SUMMARY

TITLE: Evauation of Performance and Longevity at Permeable Reactive Barrier Sites
BUDGET ACTIVITY: 3and 4

PROGRAM ELEMENT: 0603851D and 060716D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: Chlorinated hydrocarbon contamination of groundwater is a growing problem a many
Department of Defense (DoD) sites. Traditional methods of remediation (e.g., groundwater pump and
treat technologies) for these sites have proven both ineffective and very expensive. DoD would benefit
enormoudly from the use of an dternate method. The permeable reactive barrier (PRB), or treatment
wall, is an innovative technology that has the potentid to become one of the more promising aternatives
for remediation of groundwater contaminated with chlorinated hydrocarbons. The technology is based
upon an abiotic chemical (oxidation-reduction) reaction, in which zero-valent iron particles react with the
chlorinated hydrocarbons to produce non-toxic and easily biodegradable by-products. At present, there
are about 15-20 PRB sites being demonstrated nationwide, some of which have been operating for a
period of up to 5 years. However, the widespread use and acceptance of this technology is rather limited,
because remedia project managers and regulators do not have a good understanding of the overal long-
term performance issues. In the absence of such information, site owners and managers are likely to be
required to implement the traditional expensive remedia systems and/or costly monitoring systems for
regulatory compliance. This lack of knowledge defeats the objective of prescribing a cost-effective and
environmentaly sound remedid solution.  This project, in coordination with smilar Environmenta
Protection Agency and Department of Energy efforts, will demonstrate the use of PRB technology to
remediate groundwater contaminated with chlorinated hydrocarbons. This project will evaluate short and
long term performance issues at selected PRB sites. The evaluations will include identifying methods to
predict PRB longevity and establishing standardized sampling and analytical procedures for PRBs. A
monitoring protocol will be developed and applied to five DoD PRB sites. The ultimate project goa is to
gan regulatory acceptance and encourage remedial project manager confidence in using the PRB
technology.

This project was jointly funded by SERDP and ESTCP in FY 99.

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
Establish regular conference calls with other DoD tri-service partners and RTDF collaborators
Considering bi-weekly or monthly conference calls and quarterly or semi-annua meetings
Obligate funds to RAC-IT contractor (Battelle)
Field Monitoring Survey & DoD Demo Site Selection and coordination with DOE & EPA
selected sites
Demo Site Selection Report will include results from surveys from DoD, DOE & EPA sites
Draft Sampling Procedure Workplan for intended use at DoD, DOE, & EPA PRB sites
Annud fidd performance monitoring and collection of coring samples from DoD PRB demo
Sites
Final Field Monitoring Workplan for use at al DoD, EPA, and DOE selected sites
Annual Report of findings from performance monitoring and coring at various PRB sites

ANNUAL PERFORMANCE REVIEW: Met all performance objectives.
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APPENDIX A CLEANUP

PROJECT SUMMARY

TITLE: Influence of Groundwater Constituents on Longevity of Iron-Based Permeable Barriers

BUDGET ACTIVITY: 3
PROGRAM ELEMENT: 0603716D
ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: This project investigates factors which may limit the longevity of iron-based
permeable bariers used for in stu treatment of organic - or metal-contaminated groundwater by
examining the long-term performance of laboratory columns packed with a porous medium containing
zero-vaent metal solids and through which simulated groundwater of differing compositions is passed, by
examining the influence of euent compostion and time on the evolving compostion of the solid
surfaces, and by monitoring the electrochemical characterization of the surfaces after varying times of
exposure. Particular emphasis is placed on developing new approaches for "real-time' monitoring of
changes in system performance through a novel electrochemica probe that can be ingaled in Stu in pilot
- or full-scale applications. The principa technical objectives are to evauate the impact of groundwater
composition on the long-term performance of zero-vaent iron (Fe) barriers and to develop a prototypic
electrochemical probe for monitoring reactivity changes at either the field or laboratory scale.

ANNUAL PERFORMANCE OBJECTIVESFOR FY99:
Uncoupling transport and reactivity effects
Assessment of RTD and reactivity changes
Monitoring of "follow-up" columns
Congtruction of "follow-up" columns
Operation of "initid" long-term columns (on-going)
Comparison of reactivity to probe response
Complete Annua Technica Report

ANNUAL PERFORMANCE REVIEW: Met all performance objectives.
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APPENDIX A CLEANUP

PROJECT SUMMARY

TITLE: In-SituChemica Oxidation Process Using Fenton’s Reagent
BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603721N

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The objective is to demonstrate an in-stu Fenton's reagent oxidation of toxic
contaminants in soil and groundwater. The Users Data Package (UDP) including cost-effectiveness
analysis will be prepared for other Navy IR sites' gpplication. The Navy has identified many sites where
the soil and groundwater have been contaminated with VOCs, SVOCs, TCE, PCE, DNAPLSs, PCBs, and
heavy metals. These contaminants are toxic to the environment and natural resources that they must be
removed to meet regulatory requirements as well as to protect the environment from further
encroachment. Removal of these contaminants by excavation of soil with offsite treatment and disposal
and to pump-and- treat the contaminated groundwater is generaly time consuming and very costly.
Furthermore, there are many instances when this type of approach becomes prohibitive, such as the case
where an underground utility corridor needs be protected and or the soil lithology disdlows its
application. A cost-effective remediation technology therefore, must be developed and field
demongtrated to meet the Navy’ s installation restoration/site cleanup needs.

ANNUAL PERFORMANCE OBJECTIVE FOR FY99:
Conduct Phase Il chemical injection
Collect and analyze demonstration samples (Phase I1)
Prepare a cost and performance report
TCE removd down to <100 ppb

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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APPENDIX A CLEANUP

PROJECT SUMMARY

TITLE: In-Situ Redox Manipulation

BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603721N

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The objective is to evauate the effectiveness of in situ redox manipulation (ISRM) to
destroy volatile organic compounds (VOCs) in groundwater. This innovative technology involves
injection of sodium dithionite to create an in situ reducing zone in normaly oxidized aquifer sediments.

The reducing zone acts to destroy VOCs by reductive dechlorination by a process similar to that, which
occurs in a zero-vaent iron reactive wall. Installation costs for ISRM are comparable to groundwater
extraction and treatment systems; however, long-term maintenance and operation costs are expected to be
sgnificantly less. Reduced operating costs provide significant advantages for cleanup operations that are
expected to require many years to complete. Most remediation projects attempting to remove VOCs from
groundwater fdl into this classification.

ANNUAL PERFORMANCE OBJECTIVE FOR FY99:
Prepare draft field implementation work plan
Obtain regulator approval of fina field implementation work plan
Install and evaluate injection system
Conduct tracer test
Conduct field injection

ANNUAL PERFORMANCE REVIEW: The milestone for the tracer test has been rescheduled for
2/14/00.
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APPENDIX A CLEANUP

PROJECT SUMMARY

TITLE: Molasses Induced Reactive Zones to Treat Metals and Chlorinated Hydrocarbons
BUDGE ACTIVITY: 4

PROGRAM ELEMENT: 0603851D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: Chlorinated solvent contamination of groundwater is a widespread problem at many
military and civilian facilities. Higtorically, Chlorinated Aliphatic Hydrocarbons (CAH) have been used
for cleaning such diverse products as aircraft engines, automobile parts, electronic components, and
clothing. Current technologies such as air sparging, pump-and-treat methods, and natural attenuation have
limitations for the remediation of CAHs. The technology that will be demonstrated in this prgect is
desgned to modify aquifer conditions in-stu, thereby promoting faster biological degradation of the
chlorinated diphatic hydrocarbons, and to precipitate metas as insoluble sulfides.

Through subsurface reagent injection, existing aerobic or nildly anoxic aguifers will be dtered to form
highly anaerobic reactive zones while also providing a source of sulfide. Molasses is generaly utilized as
the primary form of organic carbon. Molasses is a commonplace, innocuous reagent and, from an
engineering perspective, the injection equipment is smple and economical. Prior to the initiation of this
remedy, the hydrogeology of each candidate aquifer is evaluated in order to properly disburse the reagent
and to edablish appropriate redox conditions in the InSitu Reactive Zone (IRZ). Accurate
hydrogeological information is essential to the placement of monitoring wells that will produce samples
accurately reflecting the progress of the in-situ remediation. The timing and concentration of reagent
introduction is important to the proper implementation of this technology. During this demonstration,
initid bio-geochemica assessment and feasibility evauation will be conducted at the following four
demondtration sites: (1) Hanscom AFB, MA, (2) Vandenburg AFB, CA, (3) Former Nava Station
Treasure Idand, CA, and (4) Badger Army Ammunition Plant, WI. Implementation of the IRZ technology
will be conducted a two stes initidly, followed by the writing of a protocol and beta testing of this
protocol at a third site. Once demondtrated and vaidated, an Environmental Security Technology
Certification Program/Air Force Center for Environmental Excellence technical protocol will be issued.

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
Contract Award to ARCADIS Geraghty & Miller

ANNUAL PERFORMANCE REVIEW: Met dl performance objectives. Project initiated late in fiscal
year due to delays in contracting.
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APPENDIX A CLEANUP

PROJECT SUMMARY

TITLE: Natura Attenuation of Chlorinated Solvent Groundwater Plumes Discharging Into Wetlands
BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603851D

ISTHISA CONGRESSIONAL INTEREST ITEM: No.

DESCRIPTION: The Department of Defense (DoD) has many sites with chlorinated solvent
groundwater contamination. There are concerns about groundwater plumes discharging into wetland
environments at some of these sites. Traditional cleanup technologies are costly and may cause damage
to sendtive wetland ecosystems. However, substantial beneficial transformation can occur within the
highly reducing environment of wetland sediments - - a development that suggests that natural attenuation
may be a viable, cost-effective remediation option for discharges in wetlands. The purpose of this project
is to demonstrate methodologies for the assessment of natura attenuation of chlorinated solvent-
contaminated groundwater plumes discharging into wetland environments.

Natural attenuation comprises all processes that can reduce contaminant exposure concentrations. In most
aquifers, trichloroethylene and other chlorinated solverts tend to be relatively resistant to degradation,
leading to the development of long, chlorinated solvent plumes, which reach surface water discharge
points, such as wetlands. Conditions conducive to transformation reactions (biotic and abiotic) tend to
exig in the reduced organic-rich wetland sediment prior to discharge to the surface water; thus substantia
natural attenuation can occur. The organic-rich sediment zones of wetlands are relatively thin compared
to the thickness of most aquifers, requiring a high resolution groundwater sampling framework to assess
natural attenuation. The key sampling strategy of this project is the use of multilevel piezometer
transects. Sampling and analysis will focus on redox zonation and chlorinated solvent and degradation
product concentrations. In this demondgtration, natural attenuation will be evaluated at three DoD
chlorinated solvent discharge wetland sites.  Working with regulators and the Air Force Center for
Environmental Excellence, a protocol for the assessment of natural attenuation as a remedia option at
discharge wetlands will be developed.

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
: Kick-Off Meeting

Site Selection - SitesA & B (Aberdeen Proving Ground and Hill AFB)

Reconnaissance - Site A

Literature Review

Draft Protocol Template

DemoPlan - Site A

Reconnaissance Site B

Instrumentation of Site A

Site Sdlection - Site C (Eglin AFB)

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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APPENDIX A CLEANUP

PROJECT SUMMARY

TITLE: Pilot Demonstration for Dense Solvent Remediation
BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603723F

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The Cape Canaverd Air Station project was established to identify the best innovative
and nearly mature technologies for cleanup of dense, nonagueous phase liquid (DNAPL) source zones.
DNAPLs are one of DoD’s most refractory cleanup problems. The Cape Canavera project team (Air
Force, EPA, DOE, and NASA) designed a field demonstration for side-by-side testing of three promising
technologies. Demonstrations were also designed to collect data that would lead to detailed cost and
performance comparisons. All three technologies treat source zone contamination, meaning remediation
time may be reduced from decades to months, as will costs for controls and long term monitoring.

ANNUAL PERFORMANCE OBJECTIVESFOR FY 99:
Complete set up of three technologies for demonstration
Begin sde-by-side technology tests

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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PROJECT SUMMARY

TITLE: Push-Pull Tests for Evaluating the In Situ Aerobic Treatment of Chlorinated Solvent Mixtures
in Groundwater

BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603851D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: Aerobic cometabolism is a promising technology for the in-situ remediation of
chlorinated aliphatic hydrocarbons (CAH) at Department of Defense (DoD) sites. Low-cost methods are
needed for generating the data required to design field-scale systems. This task is complicated by the
complexity of the cometabolic process and the different cometabolic substrates from which to choose.
The type and concentration of the contaminants are important considerations, aong with the
transformation abilities of the indigenous microorganisms that are stimulated on a specific substrate. In
this project, a sngle-well, push-pull test method will be developed for determining parameters that are
needed for full-scale remediation design. The method will be developed and tested in standard monitoring
wells, providing a rapid, straightforward in-situ means of characterizing the cometabolic process of
interest at a given site.

The sngle-well, push-pull method will be evduated as a means of generating the data required for
designing systems for the in-situ aerobic cometabolic treatment of CAH contamination in the saturated
zone. The test conssts of the controlled injection of a prepared test solution into an aquifer followed by
the recovery of the test solution/groundwater mixture from the same location. Tests will be performed in
existing monitoring wells usng packers to isolate a portion of the aquifer. The test solution will consist of
water-containing non-reactive tracers such as bromide, the cometabolic substrate of interest, dissolved
oxygen, and reactive solutes that are designed to permit the estimation of the in-situ transformation rates
of the CAHs of interest. At the project’s conclusion a validated protocol for conducting push-pull tests
will be issued.

ANNUAL PERFORMANCE OBJECTIVESFOR FY99:
Contract Award to Oregon State University

ANNUAL PERFORMANCE REVIEW: Met dl performance objectives. Project initiated late in fiscal
year due to delays in contracting.
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APPENDIX A CLEANUP

PROJECT SUMMARY

TITLE: Surfactant Enhanced DNAPL Removal

BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603851D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: Dense nonagueous phase liquid (DNAPL) contamination of groundwater is very
difficult to remediate. Compounds, such as trichloroethylene (TCE), sink in aquifers due to gravitational
pull and act as a continuous source for contaminant plumes that can stretch for miles within an aquifer.
Deep, contaminated soils (more than 25 feet deep) are not amenable to soil excavation methods, and in
Stu biotransformation is dow and incomplete. This project will demonstrate an enhanced pump-and-treat
system that uses chemical additives—surface-active agents (surfactants) - to remove DNAPL
contamination from aquifers. When added to contaminated soils, surfactants greetly increase the
olubility of DNAPLs, allowing the contaminants to be pumped out much more efficiently. This
technology will aso allow the surfactant compounds to be recycled and reused cost-effectively.

This technology uses a two-phased approach: removal of residual DNAPLs using surfactants, and
aboveground treatment of the recovered surfactant-DNAPL wastes by pervaporation and micellar-
enhanced ultrefiltration (MEUF). Surfactants are used to overcome the low agueous solubilities of
DNAPL by reducing the surface tension at the DNAPL-water interface. In the proposed typica
remediation scheme, surfactants are used to remediate DNAPL source areas and to complement the use of
conventional pump and treat systems for removing dissolved-phase DNAPL contamination. After a
detailed ste characterization is performed to locate and delineate the boundaries of the residual DNAPL,
surfactants are selected depending on the soil type, DNAPL constituents, and hydraulic parameters of the
contaminated subsurface, and on the requirements of the above-ground treatment system. Surfactant
solution is applied at injection wells and wastes are recovered at extraction wells. The recovered
surfactant-DNAPL wastes are first treated using pervaporation, a membrane process that removes volatile
DNAPL components such as chlorinated solvents from the water and surfactants. The pervaporation-
treated waste stream is then sent to a MEUF unit to concentrate the surfactants prior to reinjection.

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
Recharacterize test zone for DNAPL removal
Start surfactant demonstration
Complete Analysis of Samples from SEAR and post-SEAR PITT

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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APPENDIX A CLEANUP

PROJECT SUMMARY

TITLE: Treatability Test for In Situ Anaerobic Dechlorination
BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603851D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The U.S. Air Force is responsible for remediating approximately 600 sites that are
contaminated with chlorinated solvents such as tetrachloroethylene (PCE) and trichloroethylene (TCE).
The U.S. Navy, U.S. Army, and private industry have similar problems. While pump-and-treat strategies
have been applied for plume containment purposes, no accepted technologies currently exist that
completely remove or destroy chlorinated solvents in groundwater. A treatability testing procedure for
implementing in Situ anaerobic dechlorination will be developed and then demonstrated at five U.S.
Department of Defense (DoD) sites contaminated with chlorinated solvents.

In situ anaerobic dechlorination involves the addition of nontoxic electron donor substrates to enhance
degradation of chlorinated contaminants by indigenous bacteria. In the initid phase of this project, a
protocol was drafted to outline how treatability tests of enhanced anaerobic dechlorination should be
conducted. The protocol covers such areas as hydrogeologica and geochemical site characterization,
microcosm studies, field treatability tests, test monitoring, data interpretation, and design guidance for a
gte-specific full-scale system. The protocol was written jointly by key professonas in the areas of
microbiology, microbid ecology, biochemistry, hydrogeology, geochemisry, and field-scale engineering
implementation and was peer-reviewed by a larger group of experts in those areas. The protocol is
currently being implemented at five DoD sites contaminated with chlorinated solvents. When the field
tests are complete, the expert panel will reconvene to review performance data and make
recommendations for changes or additions to the protocol. The final document will contain detailed cost
information on conducting the treatability tests, estimated cost information for full-scale design and
implementation, and detailed technical information generated from the five demonstrations.

ANNUAL PERFORMANCE OBJECTIVESFOR FY99:
Initiation of field test #1 (Cape Canavera Air Station, FL)
Draft Technology Demonstration Plan #2 to ESTCP and to Site #2 (Alameda NAS, CA)
Receipt of comments from ESTCP and Base #2 on Technology Demonstration Plan
Technology Demonstration Plan #2 finalized
Receipt of applicable permits and regulatory approva - Site #2
Initiation of field test #2

ANNUAL PERFORMANCE REVIEW: Met dl performance objectives.
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PROJECT SUMMARY

TITLE: Treatment of Trichloroethylene using Alternatively Fed Dua Co-substrates
BUDGET ACTIVITY: 2

PROGRAM ELEMENT: 0605502F

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The AF has over 600 sites contaminated with chlorinated solvents (perchloroethylene
and trichloroethylene) that require cleanup. Current basdline technology, "pump and treat" via air
stripping or carbon sorption, is considered non-destructive, merely transferring contaminants from one
media to ancther. A preferred approach would be a complete destructive technique such as
bioremediation.

This effort was designed to evaluate the feasibility of using dua primary substrates for cometabolic
trichloroethylene (TCE) destruction in a field-scale fluid bed reactor. Laboratory testing was conducted
to obtain a better understanding of the process and determine the best operating regimes; field testing was
done a an abandoned fire training area at the former Wurtsmith AFB MI for soil and groundwater
remediation; and finaly, system was field tested at a former manufactured gas plant (MGP) groundwater
site containing a mixture of chlorinated ethanes and ethenes. The two field trials confirmed that TCE can
be readily transformed, and high remova efficiency consistently achieved, in a fluid bed reactor.
Infiltration of treated effluent to promote in-situ remediation and soil flushing at Wurtsmith AFB proved
successful.

ANNUAL PEROFRMANCE OBJECTIVES FOR FY99:
Complete field demonstration at former Wurtsmith AFB Ml
Completefield demongtration at former MGP
Submit draft final technica report

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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APPENDIX A CLEANUP

PROJECT SUMMARY

TITLE: Use of Cometabolic Air Sparging to Remediate Chloroethene-Contaminated Groundwater
Aquifers

BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603851D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: Chlorinated aiphatic hydrocarbons (CAHS), used for years as industria cleaners and
degreasers, are common groundwater contaminants on federal sites. The Air Force aone has over 600
sites contaminated with chlorinated solvents that may require cleanup. There is an obvious need for
remediation technologies with inexpensive ingalation costs and low operation and maintenance
requirements. This project is intended to demonstrate that air sparging coupled with cometabolic
biodegradation has the potentia to satisfy these requirements for CAH contaminants.

Air sparging involves the injection of air into the saturated zone using conventional wells and blowers.
This process employs two mechanisms to remove contaminants from the groundwater: contaminants are
stripped via mass transfer to gas bubbles rising to the surface, and contaminants are biodegraded in situ
via biologicd activity stimulated by the introduction of oxygen. This project will augment the techniques
typicaly employed with air sparging by aso injecting a gaseous co-substrate such as propane. Co-
substrates promote degradation of CAH compounds during degradation of the co-substrate itself.
Through cometabolism, CAHs are transformed to non-toxic by-products. Cometabolic air sparging is
being demonstrated using two air injection wells, one with and one without a co-substrate. Data will be
collected to determine the following: the air sparging radius of influence; subsurface air and propane
digribution; co-substrate degradation; oxygen uptake; efficiency of co-substrate usage; relative
contributions of contaminant stripping versus cometabolic biodegradation; the ability to degrade different
CAH mmpounds, long-term stability of the cometabolic biological process; and the ability to maintain
aerobic groundwater conditions.

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
Interim Technical Report for Site 1
Aerobic Microcosm Protocol
"In-Progress Review" Presentation to ESTCP Apr 1999
Initiated field testing at McClellan AFB, CA

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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APPENDIX A CLEANUP

PROJECT SUMMARY

TITLE: VaueAdded Site Monitoring and Infrastructure Maintenance for In-Situ Bioremediation
BUDGET ACTIVITY: 3

PROGRAM ELEMENT: 0603716D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The objectives of this project included: the continued serial monitoring of intrindc
bioremediation processes at three fuel and solvent contaminated sites & the former Wurtsmith Air Force
Base; the support, maintenance, and supplementation of the data in a relational database management
system (RDBMS); and the statistical analysis of the data for spatid and temporal variability, estimates of
mass removal rates and indicators of bioremediation process change. The technical approach consists of a
phased approach to the objectives outlined above. State of the art contaminant and geochemical ground
water monitoring will be continued on a quarterly basis at three fud and solvent contamination sites that
have digtinct oxidation-reduction zones. Indicators of corresponding bioremediation indicators and the
mass of contaminants associated with aquifer solids will be determined as well. Additional, Statistica

andyses of the time-series and spatid distribution of contaminants and geochemica conditions will be
evaluated for sources of error and variability. Bioremediation performance indicators will be developed in
selected oxidation-reduction zones. Several years d data exist for the three study sites, which will provide
a basis for the use of RDBMS and results of the statistical anayses by leading bioremediation modeling
and remedia design groups.

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
Continue quarterly monitoring; enter these data and that of collaborators
Maintain web-page access to internal and external collaborators and publish reports on data
reliability, tempora trend analyses and error identification
Test hypothesis 1 using data from the KC-135 crash site, the FT-2 site, and other sites where
verified data are available
Publish technica papers, reports, and give presentations to practitioners on the reliability of
hydrocarbon rate constants in discrete redox zones

ANNUAL PERFORMANCE REVIEW: Project canceled due to lack of technical progress.
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PROJECT SUMMARY

TITLE: Biological Assessment for Characterizing Contaminant Risk a the Genetic-, Individual-and
Population Level

BUDGET ACTIVITY: 3

PROGRAM ELEMENT: 0603716D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The objective of this project is to develop a suite of technically defensible assays that
can be effectively used in regulatory programs to quantify the ecologica risk of contaminated sediments
a the molecular-, individua, and population-level. Researchers will quantify the biological/ecologica
meaning of genetic responses, collected using genosensors, by way of comparison to whole-organism
assessments of toxicity and modeed population-level impacts. Dose-response information will be
smultaneously generated using genosensors and whole-organism bioassays for such military-relevant
compounds as explosves  Trinitrotoluene  (TNT), Cyclotrimethylenetrinitramine  (RDX),
Cyclotetramethylenetetranitramine (HMX), other organic compounds such as Poly Chlorinated Biphenyls
(PCB), Polycyclic Aromatic Hydrocarbon (PAH), and metals such as Lead (Pb). During the first phase of
this project, 1) sediments will be spiked with single military-relevant compounds (i.e., explosives and
other organic compounds) and mixtures at a range of concentrations, 2) sediment-dwelling organisms will
be exposed to these contaminated sediments, 3) the sediments and organisms will be screened for the
presence of genetic markers using developed genosensors, and 4) whole-organism effects on survival,
growth and reproductive endpoints will be measured. Four sediment-dwelling organisms will be usad in
this project that are currently being used by the Environmental Protection Agency (EPA) and the Corps to
develop chronic, sublethal sediment bioassays for national regulatory programs. Two of the species occur
in marine habitats (Neanthes arenaceodentata and Leptocheirus plumulosus) and two of the species are
found in freshwater habitats (Hyalella azteca and Chironomus tentans). Impacts at the population-level
will be projected using population models developed for bioassay organisms during the course of this
study. By simultaneously measuring biological responses at three distinct levels of biological organization
(i.e, genes, whole organisms, populations) the team of researchers will have the ability to effectively test
the rdiability of estimating potentiad risk a higher levels of organization (e.g., ecosystems) using
information that can be quickly and inexpensively collected a lower levels of organization (i.e., the level
of genes). During the second phase of study, the bioassay suite will be tested using naturally contaminated
sediment containing even more complex mixtures of military-relevant and conventional contaminants.
The comparisons made among the endpoints at each level of organization using field collected sediments
ranging in degree of contamination will alow researchers to test how robust their predictions will be
under aregulatory use scenario.

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
TNT, RDX, HMX whole-organism exposure experiments
Macrofauna nucleic acid methods devel opment
Genosensor array assays of exposed organisms
Hyalella azteca population experiments conducted
Complete Annua Technica Report

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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PROJECT SUMMARY

TITLE: Genosensor Based Ecotoxicity Response Assessment
BUDGET ACTIVITY: 3

PROGRAM ELEMENT: 0603716D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The objective of this project is to develop cost effective methods and instrumentation
for directly monitoring genotoxic exposure in a variety of natural ecosystems. Direct measurements of the
in-stu biological responses associated with genotoxic exposure of sentingl species in the environment
circumvents the difficult problem of bicavailability, snce measurable molecular endpoints in resident
species are a direct reflection of ecologically relevant exposure. This project intends to implement
emerging biochip technology for in-situ monitoring of molecular endpoints of genotoxic exposure,
including Deoxyribonucleic Acid (DNA) damage-inducible gene expression pathways, in soil and water
ecosystems. This project intends to employ novel channel glass biosensor chips containing arrays of DNA
probes to characterize and monitor the response of soil microorganisms to exposure to genotoxic agents.
The biochip device congsts of a glass or silicon dioxide wafer containing miniature patches of densely
packed pores of 1-10 um diam., extending through and perpendicular to the wafer surface. DNA probes
can be immobilized within individual porous patches a addressable sites across the wafer, to provide a
microscopic array of unique nucleic acid hybridization sites. An array of surface-tethered oligonucleotide
probes is caled a genosensor. The main risks (technical challenges) associated with the project include
the requirement to extract intact (undegraded) RNA from environmental samples and the low abundance
of soil microorganisms deep below the surface. Feasibility studies will directly address these critica
issuesin order to define the operationa limitations and utility of the approach.

ANNUAL PERFORMANCE OBJECTIVESFOR FY99:
Selection of oligonucleotide probes targeted to at least 20 stress response and DNA damage-
inducible genes predicted to be relevant to cleanup of military sites
Determination of detection senditivity and dynamic range of stress response genosensor, using
RNA extracted from laboratory-treated bacteria cultures
Fabrication and initial testing of "ASOF" genosensors containing 500 probes of length optimized
for mRNA profiling in cultured bacteria
Design of strategies to assess and compensate for effects of site-to-site variation in microbia
communities on gene expression profiles
Multi-gene analysis of genotoxicity response in mixed bacteria culture exposed to at least one
military-relevant compound
Multi-gene analysis of genotoxicity response in a model soil microcosm exposed to at least one
military-relevant compound
Experimentd evauation of a "spiking" strategy using a model soil microcosm, for dedling with
the low abundance of microorganisms in a deep subsurface environment an
Evauation of the direct detection (without PCR) of several mRNA species from cultured bacteria,
using the tandem hybridization approach in channel glass
Fabrication and initid testing of 1500-probe ASOF chips for mRNA profiling in one species of
bacterium exposed to one genotoxic agent of military relevance
Initia studies of gene-targeted and ASOF chips applied to RNA extracted from field-derived
s0il/sediment samples at WES
Complete Annua Technica Report

ANNUAL PERFORMANCE REVIEW: Met dl performance objectives.
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PROJECT SUMMARY

TITLE: Hazard/Risk Assessment of Military Unique Compounds (MUCs)
BUDGET ACTIVITY: 2

PROGRAM ELEMENT: 0602720A

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The Army may be spending unnecessary funds during remediation for overly
conservative cleantup target levels. Hazard and risk assessment methods are required to determine
appropriate exposure and toxicity levels during production, storage, transportation, use and disposa of
military unique compounds (e.g., RDX), their breakdown products, and depleted uranium.

Performance standards and guidance must aso be developed that are specific to these compounds,
consider the source and manner of contamination, the means of migration, receptors, and future land uses.
These performance standards and guidance are necessary in order to develop accurate risk-based clean-up
levels and sound remedia action decisons. The Army’s 1996 DSERTS revealed that $45.7 million was
requested for in-situ treatment of explosives. It is believed that some remedia actions required treatment
to overly conservative target levels. |f sound hazard/risk assessment tools are available to analyze the
actua risk from these compounds, less stringent clean-up target levels may be accepted with ggnificant
cost savings to the military.

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
Develop version 1.0 of the Risk Assessment Modeling System
Demonstrate linkage of fate and transport of explosives with a screening level effects assessment
model
Reduce the time and costs to conduct risk assessments by 20%

ANNUAL PERFORMANCE REVIEW: Met al performance objectives for FY 99.
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PROJECT SUMMARY

TITLE: Using Mode of Action to Assess Health Risk for Mixtures of Chemical/Physical Agents
BUDGET ACTIVITY: 3

PROGRAM ELEMENT: 0603716D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: Mixtures of carcinogenic chemicals are a mgjor problem in groundwater plumes and
soils on Department of Defense (DoD) and Department of Energy (DOE) facilities. While there is
frequently data available for interactions between chemicas to judge risks from short-term exposures,
data that describes how interactions influence the development of cancer are very rare. This is largely
because of the high costs associated with conducting complex interaction studies over the lifetime of
experimental animals. Therefore, it is important that the limited resources that are available for studying
interactions be directed towards the development of genera principles that can be applied b a wide
variety of circumstances. The hypothesis this project intends to test is whether classifying the modes of
action represented in a mixture and knowledge about the dose-response characteristics involved in
eliciting a particular mode of action will provide a smpler and more accurate means of predicting the
hazards that the mixture poses over a range of exposure situations. Whereas the number of chemicals
present in the mixture may be large, the number of modes of action responsible for these effectsis amdl.
Each mode of action may have dozens of mechanisms that might contribute to changes in cell birth/death
processes, but establishing mechanisms for every chemical is very expensive. The modes of action
represented by the three chemicals proposed for study are general to chemical carcinogenesis. Thus, the
gpproach that would result from proving the project hypothesis should be broadly applicable to any
mixtures of chemica and/or physical causes of cancer. The top seven chlorinated hydrocarbon solvents
found on DOE facilities produce liver cancer by non-genotoxic mechanisms. Two others are clearly
genotoxic. Therefore, al modes of action are represented among these compounds. The occurrence of the
genotoxic compounds is much less frequent and generally at much lower concentrations than the first
seven compounds. Their cleanup levels are less controversid because it is difficult to refute low dose
linearity in response for such chemicals and their concentrations rarely exceed drinking water standards of
the Environmental Protection Agency (EPA).

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
Complete in-life single/dual compound prediction study
Complete tumor diagnosis
Initiate tumor diagnosis
Complete tissue block/sectioning
Complete preliminary statistical analysis on tumor size data to identify major interactions
Begin to input data for model development
Begin statistical analysis of tumor size/number data
Complete immunohistochemical evauation
Submit Annual Report to SERDP
Complete immunohistochemical staining
Complete model development
Complete gatistical analysis
Initiate immunohistochemical staining

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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PROJECT SUMMARY

TITLE: Assessment and Prediction of Biostabilization of PAHs in Sediments
BUDGET ACTIVITY: 3

PROGRAM ELEMENT: 0603716D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The objectives of this research are to identify those factors affecting biostablization of
Polycyclic Aromatic Hydrocarbons (PAHS) in sediments and to devel op the technica basis for enhancing
natural recovery processes for the biotreatment of PAHs in dredged material. The key questions to be
addressed in this research are: (1) Where exactly at the microscopic scale do PAHs reside on aged
sediments?; (2) How are the microscopic-scale locations of PAHsS on sediments dependent on sorbent
carbon location and type?, (3) What are the distribution of binding activation energies for desorption of
PAHs from sediment particles, and how does this correlate with information on PAH association with
sorbent carbon type?, (4) How does the effectiveness of biodurry treatment of dredged sediments depend
on the locations and associations of PAHs with sorbent organic matter and distributions of binding
activation energies with respect to remova of specific compounds, the fraction of labile and resistant
PAHSs, and the toxicity of residua PAHs?, and (5) How may knowledge of the association of PAHs with
sorbent carbon type and location, and distribution of binding activation energies, be used to assess and
predict the overal performance of biodurry processes for biostablization of PAHS? This research will
assess the fundamental character of the binding of PAHs at the microscopic scale in parald with
biodurry treatment and ecotoxicologica testing, to show how the nature of PAH association with
sediments related to biostabilization, achievable trestment endpoints, toxicity, and bioavailability. The
work will explore mechanisms controlling PAH sequestration using novel spectroscopic techniques to
examine a the microscale the distributions and associations, and binding energies of PAHS in sediments.

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
Completed the development of Green Fluorescent Gene congtruct for visuaization of PAH
availability to microorganisms
Investigate complementary analytical techniques to Assess SOM Type and Location
Perform thermal desorption MS anayses to Evaluate Desorption Energy Characteristics
Use data from the above tests to develop micro-scae mechanistic understanding of the
sequestration of PAH homologs and their bioavailability
Conduct biogtabilization experiments in microcosms and biodurry reactors with contaminated
sediments from confined disposal fecilities (CDFs)
Complete Annua Technica Report

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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PROJECT SUMMARY

TITLE: Biogeochemica Fingerprinting for Sediment Management
BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603721N

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: This program will demongrate the utility of using sSte-specific biogeochemical
fingerprinting of contaminated sediments to streamline the progress from site assessment to site closure at
Installation Restoration and BRAC offshore sites or for dredge permitting. Often at offshore sites, data
collected in the R/l phase may not provide necessary information to make an informed management
decison. To resolve this problem, this project will work towards (1) providing site owners with the tools
to rapidly determine what sediment management approaches are feasible for contaminated sediments at
their dtes, (2) streamlining the decison process for sediment management, and (3) bridging the gap
between remedia investigations and feasibility studies by providing specific information on remedia and
sediment management options.

ANNUAL PERFORMANCE OBJECTIVE FOR FY99:
Conduct bench test assays
Identify 3 sites for demonstration
Collect samples at site 1 and apply biogeochemical fingerprinting analyses on sediments
Prepare report on site 1
Deploy site 2
Validated utility of approach at Alameda NAS (Site 1) and provided data to Site owners for usein
Site management decisions

ANNUAL PERFORMANCE REVIEW: Met dl performance objectives.
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PROJECT SUMMARY

TITLE: Enhanced Alternative and In-Situ Remediation Technologies for ExplosvesOrganics in Soil
and Sediment

BUDGET ACTIVITY: 2

PROGRAM ELEMENT: 0602720A

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: This project will pursue the following objectives:
Engineering enhancements to natural attenuation and bio-augmentation methods.

Current remediation technology for explosives contaminated soils requires dig and haul a a cost
ranging from $100-500/ton.

Low levels of contamination over large areas; beneath ground surface structures/obstacles.
In-situ treatment technology will reduce costs to less than $75/ton.

ANNUAL PERFORMANCE OBJECTIVESFOR FY99:
Demonstrate exsitu biotreatment and physical separation/extraction technologies for explosives
and organics in ol

ANNUAL PERFORMANCE REVIEW: Met al performance objectives for FY 99.
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PROJECT SUMMARY

TITLE: Integrated Sediment Characterization

BUDGET ACTIVITY: 2

PROGRAM ELEMENT: 0602121N

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The Navy dredges millions of cubic yards of sedments every year throughout the
United States in order to maintain waterways and berthing areas. If those sediments are contaminated,
they must either be disposed of in a Contaminated Disposa Facility (CDF) or treated prior to discharge at
sea. The latter is costly and the former smply delays potentia future liability. This task will assess the

Navy contaminated sediment problem, identify technology gaps, and prioritize and select future S& T
research needs.

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
Conduct Sediment assessment workshop
Review and salect potentia technologies for incorporation into assessment
Develop technology transfer process and form inter-service working groups
Issue Initiation Decision Report (IDR)

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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PROJECT SUMMARY

TITLE: QWIKLITE for Sediment (QWIKSED)

BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603721N

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The objective of this project is to develop a rapid and cost effective bioassay for
conducting contaminated sediment toxicity tests that will provide a faster response time and cost less than
conventional toxicity procedures. The bioassay system can aso be used as arapid screening tool asit can
berunin asfew as 4 hours and is smple to run.

ANNUAL PERFORMANCE OBJECTIVE FOR FY99:
Conduct Demonstration at AlamedaNAS
Conduct Demonstration at Pearl Harbor
ASTM Standard Amendment
Prepare Final Report
Correlate QwikSed technology with conventiond toxicity tests
Validate the correlation of the QwikSed toxicity measurements to chemistry profiles for rapid
screening scenario
ASTM Standard Guide for Conducting Toxicity Test with Bioluminescent Dinoflagellates
E1924-97 published
QwikSed Toxicity test unit commerciaized by Seal ite Instruments, Inc, Ft. Lauderdale, FL

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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PROJECT SUMMARY

TITLE: Recycling of Contaminated Dredge Sediment
BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603721N

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The objective of this effort is to evaluate Cement-Lock technology for recycling
contaminated dredge sediment and other potentia waste streams such as contaminated soil, into salable
product without generating secondary wastes.

ANNUAL PERFORMANCE OBJECTIVE FOR FY99:
Evaluate Navy contaminated sediment disposa projections in Puget Sound, WA and Pearl
Harbor, HI regions to assess economic viability of Cement-Lock technology deployment

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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PROJECT SUMMARY

TITLE: 3-D Imaging
BUDGET ACTIVITY: 2

PROGRAM ELEMENT: 0605502F

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The objective of this research and development project is to design and build a
downhole sensor to depict the presence of non-aqueous phase liquids (NAPLS) in the subsurface. The
image will be a composite of the responses from seismic and electromagnetic tomography from single
borehole and borehole-to-borehole data.

ANNUAL PERFORMANCE OBJECTIVESFOR FY99:
Project milestones for FY 1999 included building the prototype downhole eectromagnetic
transmitter and receiver, and demonstrating the unit at a known NAPL site.

ANNUAL PERFORMANCE REVIEW: The device was successfully built in FY 99, but delays during
fabrication have pushed the demonstration into FY 00 at no additiona cost to the government.
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PROJECT SUMMARY

TITLE: Direct Push Data Mapping and Monitoring Point Assessment
BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603723F

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The goda of this project was to validate the use of cone penetrometer to install
monitoring points for long-term monitoring of groundwater quaity.

ANNUAL PERFORMANCE OBJECTIVESFOR FY99:
Install wells using cone penetrometer technology (CPT)
Sample groundwater

Anayze results and compare to those of conventionaly installed wells

ANNUAL PERFORMANCE REVIEW: Met all performance objectives.
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PROJECT SUMMARY

TITLE: Environmental Field Assessment and Survey Tool (E-FAST)
BUDGET ACTIVITY: 2

PROGRAM ELEMENT: 0605502F

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The objective of this research and development project is to develop an expansion unit
for handheld computers to provide additional PCMCIA dots into which multiple environmental sensors
can be inserted providing a handheld site characterization tool. Software instaled in the computer would
adlow a non-professona to complete a risk-based dte characterization gathering dl the information
needed for a defensible, multimedia report or litigation.

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
Hardware and software development and fabrication

ANNUAL PERFORMANCE REVIEW: Mid-stream technology change caused delays in hardware
and software development. Milestones will be completed in FY 00 at no additional cost.
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PROJECT SUMMARY

TITLE: Explosives Detecting Immunosensors

BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603851D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The U.S. Department of Defense (DoD) has over 50 sites on the U.S. Environmental
Protection Agency (EPA) Superfund list that are contaminated with explosves from munitions
manufacture, storage, and demilitarization. Remediation of water and soil at these sites requires rapid,
accurate analysis of fiedld samples at the site and in the surrounding area. This ESTCP project
demonstrates two immunosensors (the fiber-optic biosensor and the continuous flow immunosensor) for
onsite screening and monitoring of explosives (TNT and RDX) in soil and water, and to gain certification
and approval of both methods from EPA.

The fiber-optic biosensor and the continuous flow immunosensor, developed at the Naval Research
Laboratory (NRL) in collaboration with Research International, will be employed at Sites for the detection
of TNT and RDX. Both sensors determine the level of contamination by measuring the proportiond level
of fluorescent activity caused by the introduction of the sample to the system. The fiber-optic biosensor
employs a method in which contaminant molecules compete with fluorescent antibodies for a binding site
on the fiber optic core. Any decrease in fluorescent activity caused by contaminants binding onto
antibody sSites corresponds to the level of contamination. The continuous flow immunosensor uses a
method in which the contaminant molecules displace fluorescent antigens that are immobilized an a solid
support. These displaced antigens are then detected and correspond proportionally to the level of
contamination. Both biosensors are rapid (2-10 minutes per anayss), sensitive (low parts-per-hillion
concentration detection), and portable. 1n addition, both can analyze rea-world samples such as ground,
river, and bilge waters and soil leachates without sample preparation.

Water and soil samples from Umatilla Army Depot Activity and Submarine Base Bangor will be tested
on site using both sensors. An independent laboratory using EPA SW 846 Method 8330 will also andyze
split samples. The field demonstrations will validate whether the devices can be operated successfully by
nontechnical personnel and whether they can reliably track contamination levels when compared to
independent analyses.

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
Document Preparation
Environmental Technology Verification Program (ETV) Pre-Demondtration analysis of water
samples
ETV Field Demonstration groundwater
Fina Report
Draft Cost and Performance Report

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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PROJECT SUMMARY

TITLE: Horizonta Characterization/Monitoring Technology for DNAPLs
BUDGET ACTIVITY: 6

PROGRAM ELEMENT: 0630723F

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: This project will integrate off-the-shelf environmental site characterization sensors
with horizontal drilling technology for performing rea time measurement-while-drilling dgte
characterization. The integrated system will then be demonstrated in various geologic environments.

ANNUAL PERFORMANCE OBJECTIVESFOR FY 99:
Characterization of the membrane interface probe

Selection of photo ionization detector (PID)
Design of downhole components

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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PROJECT SUMMARY

TITLE: Improved Sediment Bioassays to Reduce False Positives
BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603721N

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The objective of this project is to evaluate the natural or confounding factors which
cause toxicity (false positives), optimize methods to measure or eliminate those factors, and to optimize
and validate cogt-effective bioassays which reduce or diminate those problems. A prevalent problemin
site assessment, particularly from bioassays of contaminated sediments, is “false podtives’ in bioassays, a
toxic response caused by non-anthropogenic factors such as ammonia, grain size, sulfides, and natura
toxins. Such false positives cause unnecessary and expensive studies and/or potentially expensive
remedia actions at a Site, that may not be necessary if the confounding factors had been identified.

ANNUAL PERFORMANCE OBJECTIVE FOR FY99:
Conduct field tests of Amphipods, Sea urchin, and QwikSed on sediments from various sites
Modify POMFRET-LAC system to ameliorate “fa se positives’
Evauated a number of species for anmonia tolerance. Selected the most appropriate species to
reduce the false positive toxicity effects of sediment. Demonstrated the use of this species at 2
Navy Sites
Conducted laboratory tests to evaluate methods to reduce confounding factors such as ammonia.
Completed ammonia correction calibration curve for selected species to remove ammonia
interference

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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PROJECT SUMMARY

TITLE: In Stu Radiation Detection Demonstration
BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603851D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The Department of Defense (DoD) and Department of Energy (DOE) have significant
land areas contaminated with radionuclides, primarily by depleted uranium at various firing ranges.
Current radionuclide survey techniques for land areas are labor intensve and lack radionuclide
soecificity. In addition, collecting soil samples for subsequent analyses is time consuming, expensive,
and lacks comprehensive coverage of the area sampled. Such shortcomings result in a reliance on
satistical justification for the number of locations sampled. Use of automated in Situ survey techniquesis
ganing greater acceptance with regulatory agencies. However, automated techniques still lack
radionuclide specificity, producing results that are gross indicators of the presence of radioactivity rather
than the final soil concentration of the radionuclide of concern.

This demondtration will validate that in situ field readings can be presented directly in soil concentration
units (pCi/g) that can be related to cleanup standards. To meet this objective the project will develop a
computer-predictive model for caculation of satic and scanning minimum detectable activity and
specific calibration factors for radionuclides of interest when using in situ field detectors, such as large-
area plastic scintillators or sodium iodide detectors. The acceptable scanning speed for in Situ field
measurements will be determined as related to soil-agpplicable cleanup guiddines and the instrument’s
sengitivity versus scan speed characteristics. At the same time, the response of the detector will be
determined for the specific radionuclides expected in the contaminated area, so that the in situ instrument
readings can be presented directly in soil concentration units. Using existing, proven detector technology,
coupled with off-the-shelf Globa Pogtioning Sysem (GPS) technology, this project will improve
capabilities of characterizing radioactively contaminated land areas and will improve specificity of data
output. The data volume produced by this approach will be increased by several orders of magnitude over
traditional ste survey and sampling approaches. In addition, presentation of the survey results using
standard Global Information System (GIS) techniques will enhance the credibility and understanding of
the survey results by regulators and the general public. The developed isotope-specific instrument
calibration factors will be validated through field tests at Kirtland Air Force Base, NM.

ANNUAL PERFORMANCE OBJECTIVESFOR FY99:
Provide project presentation to RAB
Submit Draft Demonstration Plan
Complete Unit Cdlibration
Submit Fina Demonstration Plan
Initiate Field Activities
Complete Fidd Activities
Submit final report and cost and performance report

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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PROJECT SUMMARY

TITLE: Integrated Field Screening for Rapid Sediment Characterization
BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603721N

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The objective of this effort is to demonstrate an integrated fidd-screening approach
for assessment of contamination in marine sediment samples. Sediment samples can be screened for a
number of metals using X-ray fluorescence (XRF). Organic contaminants such as PAHs can be screened
by UV fluorescence (UVF). The QwikSed rapid screening bioassay is being developed under separate 6.4
level funding but will be integrated with the screening techniques discussed here to form an integrated
screening package. Field-screening techniques can reduce the number of samples required for later
laboratory andyses, yet provide improved understanding of contaminant distribution and the other
sediment properties that ultimately control remediation options. The main benefit, however, is the
reduction of the time and cost for later laboratory analyses. If a site can be rapidly delineated into areas of
contaminated versus clean zones, then sampling for more costly laboratory measurements can be more
efficiently planned. This would alow the number of laboratory samples required to characterize a site to
be reduced, leading to faster and cheaper assessment of the site.

This project was cooperatively funded by the Navy and ESTCP in FY 99 (see p. A-55).

ANNUAL PERFORMANCE OBJECTIVE FOR FY99:
Conduct Field Demonstration of Screening technologies at Alameda NAS Sediment site
Conduct Field Demonstration at 2™ Site (Pearl Harbor)
Prepare Final Report
Individua screening techniques were shown to have high correlation coefficient and low % fase
negatives
Site demonstrations have shown that analytical costs can be reduced and a much clearer definition
of contaminant distributions can be made to enable better remedia decisions

ANNUAL PERFORMANCE REVIEW: Met all performance objectives.
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PROJECT SUMMARY

TITLE: Integrated Geophysical Multi-Sensor Detection of DNAPL Source Zone Identification
BUDGET ACTIVITY: 3

PROGRAM ELEMENT: 0603716D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The objective of this project is to provide cogt-effective three-dimensond (3-D)
geophysical imagng of the geologica control on Dense Non-Aqueous Phase Liquid (DNAPL)
digribution and migration a different spatial resolutions and, at the highest available resolution, to
directly image DNAPL. Specificaly, the project intends to develop a three-fold approach to
characterization of physica heterogeneity controlling DNAPL migration and the ultimate imaging of
DNAPL distribution in the subsurface: (1) joint 3D tomographic inversion of surface seismic refraction
and electrical resistivity data to broady delineate subsurface geology; (2) high-resolution joint 2D/3-D
crosshole tomography using downhole seismic and electrical sources and sensors in permanent 4inch
wells and/or temporary 2inch boring; (3) utilization of the same downhole electrica sensors to perform
IP tomography to image DNAPL with the geological constraints from the above two steps. This three-
fold approach will provide new cogt-effective, minimaly invasive technologies for 3-D geophysica
imaging of DNAPL without producing any secondary waste.

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
Seismic, DC Residtivity, and | P Equipment Evaluated
Surface Seismic and Electrical Data Gathered
Borehole Seismic, Resitivity and |P Data Gathered
Evauate Cap Coupling of DC Residtivity and IP
Field Methods Developed
Complete Annua Technica Report

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.
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PROJECT SUMMARY

TITLE: Negative lon Sensors for Real-Time Downhole DNAPLs Detection
BUDGET ACTIVITY: 3

PROGRAM ELEMENT: 0603716D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: Location of the Dense Non-Aqueous Phase Liquids (DNAPL) sources and reliable
estimates of their masses are crucial for cost-effective cleanup. No currently available method can
accurately and efficiently define the subsurface distribution of chlorinated solvent DNAPLsS. The
objective of this project is to develop a Site Characterization and Analysis Penetrometer System (SCAPS)
probe which can detect, locate, quantify, and determine the subsurface distribution of DNAPLS in the soil.
The key probe elements are a heated membrane interface and a sensitive, fast-responding downhole
detector. Performance objectives have been established as follows: sensor responsiveness to all common
organochlorine compounds, vapor limit of detection of 1 ppmv, sdectivity better than 5000:1 relative to
fuel hydrocarbons, less than 3 second response time, and automatic operation as the probe is advanced by
a cone penetrometer or Geoprobe. The research objectives are to characterize the existing
Polytetrafluoroethylene (PTFE) membrane's time-and temperature-dependent permeability for chlorinated
solvents, fud hydrocarbons, water, and oxygen; identify, select, and evauate promising aternative
membrane materias; find the materia transfer efficiency as a function of distance from the membrane,
s0il type, temperature, and moisture; and optimize sensor performance, reiability, and ease of operation.
Three sensor approaches that exploit the high electronegativity of chlorinated compounds have been
identified. They are thermionic ionization sources, a photoemissive electron capture detector (PE-ECD),
and a photoemissive ion mobility spectrometer (PE-IMS). The former two will be investigated in this
effort. Risk is relatively low because the heated membrane is aready in commercia use and preliminary
laboratory data have been acquired for the sensors.

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
Critical review of |ab/field results to date
Congtruction of ruggedized TID downhole prototype detector
Identify test sites for field validation
Updated performance goals
Determine penetration rate influence on sensor performance
Validated studies of downhole prototypes
Complete Annua Technica Report

ANNUAL PERFORMANCE REVIEW: Met dl performance objectives.
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PROJECT SUMMARY

TITLE: Nonintrusve Characterization of Dense Nonagueous Phase Liquids Using Short-Lived
Radiotracersin Partitioning Interwell Tracer Tests

BUDGET ACTIVITY: 3

PROGRAM ELEMENT: 0603716D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: The objective of the proposed research is to develop partitioning interwell tracer
testing using short-lived radioisotopic tracers as an effective characterization technique for Dense
Nonagueous Phase Liquids (DNAPL) in the either the saturated or unsaturated zone. This technique can
be viewed as the next evolution in partitioning tracer testing and offers significant benefits over currently
available technologies. By injecting conservative and partitioning short-lived radioisotopic tracers into the
subsurface and continuously measuring their presence in monitoring wells with moveable downhole
detectors, the location and amount of DNAPL can be measured to a much greater extent than can now be
achieved by any other method. The technical approach for this project is to develop the radiochemical
techniques for making tagged tracers together with assembling suitable detectors. After the field prototype
has been tested, the tracers and sensors will be used in a field application to further develop the method.
The fidd testing will be guided by detailed fluid flow modeling, as will the interpretation of the fied
results. The tasks for this project are: 1) Detector and Logging System Development, 2) Tracer Selection
and Radiochemigtry Techniques, 3) Laboratory Testing, 4) Pre-Test Modding and Field Test Planning, 5)
Field Testing, 6) Inverse Modeling (Data Analysis), and 7) a Guidance Document.

ANNUAL PERFORMANCE OBJECTIVESFOR FY99:
Perform pre-test modeling
Fied test plan
Initiate [aboratory testing
Develop tracer selection and radiochemistry techniques
Perform detector development
Perform field testing
Pursue permits and approvals for field testing
Complete Annua Technica Report

ANNUAL PERFORMANCE REVIEW: Met al performance objectives.

A-51



APPENDIX A CLEANUP

PROJECT SUMMARY

TITLE: Portable SERS Instrument for Explosives Monitoring
BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603851D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: Monitoring for explosive compounds in support of groundwater remediation activities
is presently both an expensive and time-consuming process. The purpose of this project is to demonstrate
and vaidate the time and cost-saving performance of a portable Surface-Enhanced Raman (SER)
instrument for groundwater and remediation process control monitoring.

The SER technique uses laser light scattering to detect explosive related compounds at trace levels in

water samples. SER spectroscopy is a high resolution, vibrational method where each molecule produces
a unique spectral fingerprint that can be used to differentiate it from other sample components. The SER
method can aso be performed on very small samples, often as little as a few microliters of water. These
advantages make SER an excellent technique for the rapid analysis of explosives in environmental water
samples. In this project, a portable SER instrument will be assembled and demonstrated in the field. The
capability of the instrument for performing ex situ and in situ anaysis of explosve-related compounds
collected from groundwater monitoring wells and remediation process streams, and findly as an in situ
analysis tool using the cone penetrometer, will be evauated. In addition to demonstrating the technical

performance of the SER instrument, the potential cost savings to end users will also be demonstrated and
vaidated.

ANNUAL PERFORMANCE OBJECTIVES FOR FY99:
Contract Award to Applied Research Associates, Inc.

ANNUAL PERFORMANCE REVIEW: Met dl performance objectives. Project initiated late in fiscal
year due to delays in contracting.
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APPENDIX A CLEANUP

PROJECT SUMMARY

TITLE: Quantifying In Situ Contaminant Mobility in Marine Sediments
BUDGET ACTIVITY: 4

PROGRAM ELEMENT: 0603851D

ISTHISA CONGRESSIONAL INTEREST ITEM? No.

DESCRIPTION: Marine sediments serve as a repository for contaminants from a wide variety of
sources. The environmental risks posed by these contaminants are determined largely by the degree to
which they remobilize into the environment. This project demonstrates an instrument adapted from deep-
water oceanographic studies to directly quantify the mobility and bioavailability of contaminants in
marine sediments. No other viable method is available for direct quantification of sediments as sources.

The Benthic Flux Sampling Device BFSD) was adapted from a benthic flux chamber technology that
was developed for oceanographic studies to determine the cycles of mgjor elements and nutrients on the
segfloor. The BFSD is an autonomous instrument for in situ measurement of flux rates of sediment
contaminants like heavy metds (eg., lead, mercury, chromium, zinc, and copper), polychlorinated
biphenyls (PCBs), dioxins, and petroleum products. A flux out of, or into, sediment is measured by
isolating a volume of water above the sediment, drawing off samples from this volume over time, and
analyzing the samples for increase or decrease in toxicant concentration. Increasing concentrations
indicate that the toxicant is fluxing out of the sediment. Decreasing concentrations indicate that the
toxicant is fluxing into the sediment. The BFSD system performs autonomous collection of samples from
a seded volume at the sediment water interface dur